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$EVWUDFW²$WXUQWRWXUQVKRUWFLUFXLWIDXOWXVXDOO\FDXVHV
H[FHVVLYH IDXOW FXUUHQW EHFDXVH RI YHU\ ORZ LPSHGDQFH
DVVRFLDWHG ZLWK D IHZ IDXOW WXUQV ,W VKRXOG EH GHDOW ZLWK
SURPSWO\WRDYRLGIXUWKHUGDPDJHVWRWKHPDFKLQHHVSHFLDOO\
IRUD SHUPDQHQWPDJQHW 30PDFKLQH ,QRUGHUWR OLPLW WKH
WXUQIDXOWFXUUHQWDQRYHOWXUQIDXOWPLWLJDWLRQVWUDWHJ\EDVHG
RQ FXUUHQW LQMHFWLRQ WHFKQLTXH LV LQYHVWLJDWHG IRU D WULSOH
UHGXQGDQW [SKDVH 30 V\QFKURQRXV UHOXFWDQFH PDFKLQH
30$ 6\Q50 )LUVW WKH IOX[ OLQNDJH RI WKH IDXOW\ SKDVH
ZKHUHWKHIDXOW WXUQVDUHORFDWHG LVHVWLPDWHGFRQVLGHULQJWKH
LQIOXHQFHRI30DQGFXUUHQWVLQWKHKHDOWK\DQGIDXOW\SKDVH
VHWV 7KLV IOX[ OLQNDJH LQFOXGLQJ WKDW RI WKH IDXOW WXUQV LV
VXEVHTXHQWO\ UHGXFHG E\ LQMHFWLQJ VSHFLILF FXUUHQWV WR WKH
IDXOW\SKDVHVHWOHDGLQJWRPXFKVPDOOHUIDXOWFXUUHQW7KH
SURSRVHG FXUUHQW LQMHFWLRQ PHWKRG GRHV QRW DIIHFW WKH
RSHUDWLRQ RI WKH KHDOWK\ SKDVH VHWV ZKLFK FRQWLQXH WR
SURGXFH WRUTXH 7KH HIIHFWLYHQHVV RI WKH SURSRVHG PHWKRG LV
YDOLGDWHG E\ H[WHQVLYH ILQLWH HOHPHQW )( VLPXODWLRQ DQG
H[SHULPHQWDO WHVWV RQ D SURWRW\SH [SKDVH IDXOW WROHUDQW
30$6\Q50GULYH
,QGH[ 7HUPV²)DXOW WROHUDQW IDXOW PLWLJDWLRQ PDJQHWR
PRWLYHIRUFHWXUQIDXOWIDXOWORFDWLRQFXUUHQWLQMHFWLRQ
,,1752'8&7,21
$WXUQWRWXUQVKRUWFLUFXLWIDXOWUHIHUUHGWRDVWXUQIDXOW
LV NQRZQ DV RQH RI WKH ZRUVW IDXOW FDVHV LQ HOHFWULFDO
PDFKLQHGULYHV,WXVXDOO\LQYROYHVRQO\DIHZWXUQVGXHWR
LQVXODWLRQEUHDNGRZQDQGUHVXOWVLQYHU\ORZLPSHGDQFHIRU
WKHVKRUWFLUFXLWORRS$VDUHVXOWH[FHVVLYHFXUUHQWZLOOEH
LQGXFHGLQWKHIDXOWSDWKDQGMHRSDUGL]HWKHZKROHPDFKLQH
GULYHV > @ $FFRUGLQJ WR WKH VXUYH\ LQ >@ WKH VWDWRU
WXUQ IDXOW DFFRXQWV IRU DERXW  RI WRWDO IDLOXUHV LQ WKH
PDFKLQHGULYHV7KHWXUQIDXOW LVPRUHFKDOOHQJLQJIRU30
PDFKLQHVEHFDXVHWKH30ILHOGFDQQRWEHWXUQHGRII LQWKH
HYHQW RI WXUQ IDXOW (YHQ LI WKH DUPDWXUH ZLQGLQJV DUH GH
H[FLWHG WKH 30 ILHOG FDQ VWLOO LQGXFH ODUJH FXUUHQW LQ WKH
IDXOWWXUQV7KHUHIRUHWKHWXUQIDXOWVKRXOGEHGHWHFWHGDQG
PLWLJDWHGWLPHO\>@HVSHFLDOO\IRUD30PDFKLQH
9DULRXV IDXOW GHWHFWLRQ DOJRULWKPV KDYH EHHQ
LQYHVWLJDWHG EDVHG RQ PRQLWRULQJ SDUDPHWHU FKDQJHV >@
KDUPRQLFFXUUHQW>@DQG3:0ULSSOHFXUUHQW>@)XUWKHU
WKHIDXOWGHWHFWLRQWHFKQLTXHVGHVFULEHGLQ>@SURYLGH

 0DQXVFULSW UHFHLYHG -XO\   UHYLVHG 2FWREHU  
'HFHPEHUDQG)HEUXDU\DFFHSWHG)HEUXDU\
&RUUHVSRQGLQJDXWKRU%R:DQJ
%:DQJDQG/+XDQJDUHZLWKWKH6FKRRORI(OHFWULFDO(QJLQHHULQJ
6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQD(PDLOEZDQJ#VHXHGXFQ
KXDQJOHL#VHXHGXFQ
- :DQJ DQG $ *ULIIR DUH ZLWK WKH 'HSDUWPHQW RI (OHFWURQLF DQG
(OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 6KHIILHOG 6KHIILHOG 6 '( 8.
(PDLOMEZDQJ#VKHIILHOGDFXNDJULIIR#VKHIILHOGDFXN
D PHDQV WR LGHQWLI\ WKH SKDVH ORFDWLRQ RI WKH IDXOW WXUQV
7XUQIDXOWLQDPXOWLSOHSKDVHPDFKLQHFDQQRWEHVLPSO\
WROHUDWHG E\ VZLWFKLQJ RII WKH SKDVH LQYHUWHU DVVRFLDWHG
ZLWKWKHIDXOW\ZLQGLQJVLQFHWKHFXUUHQWVLQWKHKHDOWK\
SKDVHZLQGLQJVDQGURWRU30FDQVWLOOLQGXFHFXUUHQWLQWKH
IDXOWWXUQV,Q>@WHUPLQDOVKRUWFLUFXLW76&ZDVDSSOLHG
RQ WKH IDXOW SKDVH ZLWK D WXUQ IDXOW 5HDFWLYH FXUUHQW ZDV
LQGXFHGLQWKHIDXOWSKDVHWRUHGXFHWKHIOX[OLQNDJHLQWKH
IDXOW WXUQV DQG WKH UHVXOWDQW IDXOW FXUUHQW +RZHYHU WKH
VWXG\LQ>@VKRZHGWKDW WKLVDSSURDFKZDVRQO\HIIHFWLYH
IRUDVPDOOZLUHZRXQGPDFKLQHDQGZDVQRWVXLWDEOHIRUD
EDUZRXQGPDFKLQH7KHUHIRUHDQRSWLPL]HGFXUUHQWDWe
ODJJLQJ WKH EDFN HOHFWURPRWLYH HPI ZDV LQMHFWHG WR WKH
IDXOWSKDVHWROLPLWWKHIDXOWFXUUHQW,Q>@DPDJQHWIOX[
QXOOLI\LQJFRQWUROZDVGHYHORSHGIRUDSKDVHLQWHULRU30
PDFKLQH ,30 IROORZLQJD VKRUWFLUFXLW IDXOW HLWKHU LQ WKH
LQYHUWHURUDQHQWLUHSKDVHZLQGLQJE\HPSOR\LQJRSHQHQG
ZLQGLQJ GULYHV ,W ZDV GHPRQVWUDWHG WKDW WKH IDXOW FXUUHQW
ZDV UHGXFHG WR ]HUR E\ LQMHFWLQJ SURSHU FXUUHQW WR WKH
KHDOWK\SKDVHV,Q>@WKHIDXOWFXUUHQWZDVUHGXFHGIRUD
WKUHHSKDVH 30 PDFKLQH E\ DFWLYDWLQJ ILHOG ZHDNHQLQJ
EHIRUH WKH EDVH VSHHG 7KH YROWDJH RI WKH IDXOW WXUQV LV
UHGXFHGE\LQFUHDVLQJQHJDWLYHGD[LVFXUUHQW+RZHYHUWKH
HIIHFWRIWKHIDXOWFXUUHQWUHGXFWLRQLVTXLWHOLPLWHGDQGLWLV
FRQIOLFWHGZLWK WKHRXWSXW WRUTXH ,QDGGLWLRQ WKHPDFKLQH
KDV WR RSHUDWH DW ORZ VSHHG ,Q >@ WKUHHSKDVH FXUUHQW
LQMHFWLRQ ZDV XVHG WR PLWLJDWH WXUQ IDXOW LQ D 30 DLUFUDIW
VWDUWHUJHQHUDWRU,WORVHVLWVWRUTXHFDSDELOLW\DIWHUWKHWXUQ
IDXOW 7KH FRQIOLFW EHWZHHQ WKH IDXOW FXUUHQW DQG RXWSXW
WRUTXHLVPDLQO\GXHWRWKHOLPLWHGGHJUHHRIIUHHGRPIRUD
WKUHHSKDVHPDFKLQH
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)LJ7ULSOHSKDVH30$6\Q50ZLWKVHJUHJDWHGZLQGLQJV
%R:DQJ0HPEHU,(((-LDELQ:DQJ6HQLRU0HPEHU,((($QWRQLR*ULIIR0HPEHU,(((
/HL+XDQJ0HPEHU,(((
$7XUQ)DXOW0LWLJDWLRQ6WUDWHJ\%DVHGRQ
&XUUHQW,QMHFWLRQ7HFKQLTXH
IRUD7ULSOHSKDVH30$6\Q50
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,Q >@ D WULSOH UHGXQGDQW [SKDVH 30$ 6\Q50
PDFKLQH ZDV SURSRVHG DV VKRZQ LQ )LJ  7KH
FRQYHQWLRQDO RYHUODSSHG ZLQGLQJV ZHUH GLYLGHG LQWR WKUHH
VHWVRIVHSDUDWHSKDVHZLQGLQJVUHVXOWLQJLQSK\VLFDODQG
WKHUPDO LVRODWLRQ (DFK SKDVH VHW ZDV GULYHQ E\ D
VWDQGDUG SKDVH LQYHUWHU WR DFKLHYH HOHFWULFDO LVRODWLRQ
2ZLQJ WRWKHVHJUHJDWHGZLQGLQJVDQGLQGHSHQGHQWGULYHV
WKH PDFKLQH ZDV DEOH WR FRSH ZLWK RSHQ FLUFXLW DQG VKRUW
FLUFXLW IDXOWV DV ZHOO DV XQFRQWUROOHG JHQHUDWLRQ HWF >
@)XUWKHUD WXUQIDXOWFDQEHPLWLJDWHGE\DSSOLFDWLRQRI
76& WR WKH IDXOW SKDVH VHW +RZHYHU WKH UHVXOWDQW WXUQ
IDXOWFXUUHQWGLIIHUVGHSHQGLQJRQIDXOWORFDWLRQLQWKHFRLOV
> @ ,Q WKH ZRUVW FDVH WKH WXUQ IDXOW FXUUHQW UHDFKHV
SX ,W ZRXOG EH GHVLUDEOH LI WKH IDXOW FXUUHQW FDQ EH
UHGXFHGIXUWKHU
7KLV SDSHU DLPV WR GHYHORS D PLWLJDWLRQ VWUDWHJ\ EDVHG
RQFXUUHQWLQMHFWLRQWRUHGXFHWKHWXUQIDXOWFXUUHQWZLWKRXW
FRPSURPLVLQJWRUTXHIRUWKHWULSOH[SKDVH30$6\Q50
7KHIOX[OLQNDJHRIWKHIDXOWHGSKDVHZKHUHWKHIDXOWWXUQV
DUH ORFDWHG LVHVWLPDWHGDFFRXQWLQJ WR WKH LQIOXHQFHRI WKH
URWRU30 WKH FXUUHQWV LQ WKH KHDOWK\ SKDVH VHWV DQG WKH
IDXOWVHW$QGQRSUHFLVHLQIRUPDWLRQRQWKHQXPEHURIIDXOW
WXUQVDQGWKHIDXOWORFDWLRQLQVXEFRLOVDQGVORWVLVUHTXLUHG
,Q RUGHU WR PLQLPL]H WKH IOX[ OLQNDJH RI WKH IDXOW WXUQV
VSHFLILFFXUUHQWVDUH LQMHFWHG WR WKHIDXOWSKDVHVHWZKLOH
WKH FXUUHQWV LQ WKH KHDOWK\ VHWV DUH QRW DIIHFWHG IRU
FRQWLQXRXV WRUTXH RXWSXW 7KH LQMHFWHG FXUUHQWV DUH
HVWLPDWHGE\WZROLQHDUHTXDWLRQVZKLFKDUHLQGHSHQGHQWRI
WKH URWRU SRVLWLRQ 7KH SURSRVHG PHWKRG LV YDOLGDWHG E\
H[WHQVLYHILQLWHHOHPHQW)(VLPXODWLRQVDQGH[SHULPHQWDO
WHVWVRQDN:SURWRW\SH,WLVGHPRQVWUDWHGWKDWWKHIDXOW
FXUUHQWLVHIIHFWLYHO\UHGXFHGFRPSDUHGWRWKHFRQYHQWLRQDO
76&PHWKRGZKLOHWKHWRUTXHLVQRWFRPSURPLVHG
,,352326('&855(17,1-(&7,217(&+1,48(
7KH PDFKLQH XQGHU FRQVLGHUDWLRQ LV D VORW SROH
30$ 6\Q50 ZKRVH VSHFLILFDWLRQV DUH OLVWHG LQ 7DEOH ,
7KHJDPPDDQJOHUHIHUVWRWKHRSWLPDOFXUUHQWYHFWRUDQJOH
ZLWKUHVSHFW WRWKHTD[LVIRUPD[LPXPWRUTXHSHUDPSHUH
073$RSHUDWLRQ7KH1GHQRWHV WKHQXPEHURI WXUQV IRU
WKH FRLOV DV $ $«& $ WXUQ IDXOW LV DVVXPHG WR WDNH
SODFHLQVHW$%&ZKLOHWKHVHWV'()DQG*+,DUHKHDOWK\
DOVRQDPHGDVVHWDQGUHVSHFWLYHO\$IWHUDWXUQIDXOW
76& FDQ EH DSSOLHG WR WKH IDXOW\ SKDVH VHW WR OLPLW WKH
IDXOW FXUUHQW ,W KDV EHHQ VKRZQ LQ >@ WKDW LQ PRWRULQJ
PRGHWKHWXUQIDXOWFXUUHQWLVWKHKLJKHVWLIWKHIDXOWRFFXUV
LQFRLO%ZKLOVWLQJHQHUDWLQJPRGHLWLVWKHKLJKHVWLQFRLO
$7KHKLJKHVWIDXOWFXUUHQWLVSX
7DEOH,
63(&,),&$7,2162)7+(0$&+,1(
6SHFLILFDWLRQ 6\PERO 9DOXH
%DVHVSHHG QE USP0D[LPXPVSHHG QP USP5DWHGSRZHU 3U N:
5DWHGFXUUHQWDQGJDPPDDQJOH ,UDWHG $q
1RPLQDO'&OLQNYROWDJH 9GF 91XPEHURIWXUQVLQHDFKFRLO 1 
1XPEHURIIDXOW\WXUQV 1I 
GD[LVLQGXFWDQFHRQHSKDVHVHW /G P+TD[LVLQGXFWDQFHRQHSKDVHVHW /T P+&RQVWDQWN N H
7R PLQLPL]H WKH IDXOW LPSDFW WKH IOX[ OLQNDJH RI WKH
IDXOWWXUQVVKRXOGEHUHGXFHGDVVPDOODVSRVVLEOHVRWKDWWKH
IDXOW FXUUHQW FDQ EH HIIHFWLYHO\ OLPLWHG ,Q WKH WULSOH
UHGXQGDQW [SKDVH PDFKLQH LW KDV PRUH GHJUHHV RI
IUHHGRPLQWKHFDXVHVRIIOX[OLQNDJHWKDQDFRQYHQWLRQDO
SKDVH PDFKLQH 7KXV VSHFLILF FXUUHQWV FDQ EH LQMHFWHG WR
WKHIDXOWVHW WRPLQLPL]HWKHIOX[ OLQNDJHRIWKHIDXOW WXUQV
ZKLOH WKHUHPDLQLQJKHDOWK\VHWVFDQFRQWLQXHRSHUDWLRQ WR
SURGXFHWRUTXH
'XHWRWKHPXWXDOFRXSOLQJEHWZHHQWKHKHDOWK\VHWVDQG
IDXOW VHW LW LV QRW SRVVLEOH WRQXOOLI\ DOO WKUHHSKDVHV¶ IOX[
OLQNDJHVRIWKHIDXOWVHW+RZHYHURQO\WKHIOX[OLQNDJHRI
WKH IDXOW SKDVH ZKHUH WKH WXUQ IDXOW RFFXUV QHHGV WR EH
PLQLPL]HG%DVHGRQWKHWHFKQLTXHVGHVFULEHGLQ>@LW
LV SRVVLEOH WR LGHQWLI\ WKH IDXOW SKDVH ZKLOH WKH VXEFRLO
ORFDWLRQRIWKHIDXOWWXUQVPD\VWLOOEHXQNQRZQLIWKHSKDVH
ZLQGLQJFRQWDLQVPRUHWKDQRQHFRLO)RUWKHPDFKLQHZLWK
GLVWULEXWHG ZLQGLQJV FRLOV RI WKH VDPH SKDVH DUH XVXDOO\
SODFHG ZLWKLQ  SKDVH EHOW )RU H[DPSOH WKH PDFKLQH
XQGHU FRQVLGHUDWLRQ KDV WZR FRLOV FRQQHFWHG LQ VHULHV DQG
WKH\ DUH GLVSODFHG E\  ZLWK UHVSHFW WR HDFK RWKHU DV
VKRZQ LQ)LJ7KHSKDVHD[LV LV ZLWK UHVSHFW WR WKH
WZRVXEFRLOV7KXVLIWKHIOX[OLQNDJHRIWKHIDXOWSKDVHLV
OLPLWHG WR ]HUR WKH IOX[ OLQNDJH RI WKH WZR VXEFRLOV ZLOO
DOVREHYHU\ORZOHDGLQJWRVPDOOIDXOWFXUUHQW
7R GHULYH WKH LQMHFWHG FXUUHQWV WKH IOX[ OLQNDJH RI WKH
IDXOW SKDVH LV ILUVW DQDO\]HG $V VKRZQ LQ )LJ  WKH IOX[
OLQNDJH RI WKH IDXOW SKDVH LV FRQWULEXWHG E\ WKUHH VRXUFHV
QDPHO\ WKH URWRU 30 WKH FXUUHQWV LQ WKH KHDOWK\ SKDVH
VHWVDQGWKHFXUUHQWVLQWKHIDXOWVHW7KHIOX[OLQNDJHRIWKH
IDXOW SKDVH GXH WR WKH WKUHH VRXUFHV ZLOO EH DQDO\]HG
VHSDUDWHO\DVVXPLQJWKDWWKH\FDQEHOLQHDUO\VXSHULPSRVHG
:KLOH WKLV FRQGLWLRQ LV JHQHUDOO\ QRW WUXH IRU DQ ,30
PDFKLQH LQ VDWXUDWHG FRQGLWLRQ LW ZLOO EH VKRZQ WKDW WKH
LQMHFWHGFXUUHQWVUHQGHUWKHIDXOWSKDVHUHJLRQXQVDWXUDWHG
DQGWKHSULQFLSOHRIVXSHUSRVLWLRQLVYDOLG
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)LJ3KDVRUVRIWKHVXEFRLOVLQSKDVH$
$)OX[/LQNDJHE\5RWRU30
)LUVW WKH IOX[ OLQNDJH SURGXFHG E\ WKH URWRU 30 LV
DQDO\]HG 7KH PDJQHWV RQ WKH URWRU SURGXFH V\PPHWULFDO
IOX[ OLQNDJHV LQ $%& SKDVHV RI WKH IDXOW VHW JLYHQ E\ 
ZKHQKLJKRUGHUKDUPRQLFVDUHQHJOHFWHG߰௠஺ ൌ ߰௠ ሺ݌߱ݐሻ߰௠஻ ൌ ߰௠ ሺ݌߱ݐ െ  ? ? ? ?ሻ߰௠஼ ൌ ߰௠ ሺ݌߱ݐ ൅  ? ? ? ?ሻ ZKHUH߰௠LVWKHPDJQLWXGHRIWKH30IOX[OLQNDJHRIHDFKSKDVH߱GHQRWHVWKHPHFKDQLFDOVSHHGRIWKHPDFKLQHDQG݌LVWKHQXPEHURISROHSDLUV
%)OX[/LQNDJHE\WKH&XUUHQWVLQ+HDOWK\6HWV
8QOLNH WKH IDXOW WROHUDQW PDFKLQHV LQ > @ ZKHUH
PXWXDOPDJQHWLFFRXSOLQJEHWZHHQSKDVHVLVQHJOLJLEOHWKH
WKUHH SKDVH VHWV RI WKH 30$ 6\Q50 DUH PXWXDOO\
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
FRXSOHG >@ 7KH FRXSOLQJ HIIHFW FDQ EH TXDQWLILHG E\
DQDO\]LQJ WKH PDJQHWRPRWLYH IRUFH 00) GLVWULEXWLRQ
XVLQJWKHFRQFHSWRIWXUQIXQFWLRQDQGZLQGLQJIXQFWLRQ
7XUQ IXQFWLRQ UHSUHVHQWV WKH GLVWULEXWLRQ RI ZLQGLQJ
WXUQVRYHUDGHILQHGUHJLRQLQDLUJDS0RUHGHWDLOVDERXWWKH
ZLQGLQJ IXQFWLRQ FDQ EH IRXQG LQ >@ )LUVW WKH WXUQ
IXQFWLRQVRIWKHFRLOVLQVHW$%&DUHLOOXVWUDWHGLQ)LJ
DFFRUGLQJWRWKHFRLOGLVSODFHPHQWRYHUWKHZKROHDLUJDS1
LV WKHQXPEHURI WXUQVRI HDFKFRLO DV JLYHQ LQ7DEOH , ,W
VKRXOG EH QRWHG WKDW WKH WXUQ IXQFWLRQV RI SKDVH & DUH
QHJDWLYH GXH WR WKH UHYHUVHG JRUHWXUQ SRODULW\ UHODWLYH WR
WKRVH LQ SKDVHV $ DQG % DV VKRZQ LQ )LJ  7KH WXUQ
IXQFWLRQVRI WKHFRLOV LQKHDOWK\VHWV'()DQG*+,FDQEH
REWDLQHG E\  DQG  SKDVH VKLIW UHVSHFWLYHO\ DOVR
VKRZQLQ)LJ
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)LJ00)SURGXFHGE\WKHKHDOWK\VHWVFXUUHQWV
7KH IXQGDPHQWDO FRPSRQHQW RI WKH 00) LQ D URWDU\
PDFKLQH URWDWHV V\QFKURQRXVO\ ZLWK WKH URWRU DQG LWV
LQWHUDFWLRQ ZLWK WKH 30 ILHOG SURGXFHV HOHFWURPDJQHWLF
WRUTXH7KH00)GLVWULEXWLRQSURGXFHGE\ WKHFXUUHQWV LQ
WKH KHDOWK\ VHWV '() DQG *+, FDQ EH FDOFXODWHG E\
PXOWLSO\LQJWKHZLQGLQJIXQFWLRQRI WKHFRLOVZLWKUHOHYDQW
SKDVHFXUUHQWVDVGHVFULEHGLQ>@DQGLWLVVKRZQLQ)LJ
ZKHUHWKHDPSHUHWXUQRIHDFKFRLOZLWKWKHUDWHGFXUUHQW
LVGHQRWHGDVSX7KHGHWDLOHGGHULYDWLRQFDQEHIRXQG LQ
>@,WVKRXOGEHQRWHGWKDW)LJRQO\VKRZVWKH00)IRU
D JLYHQ WLPH FRQVWDQW 6LQFH WKH 00) LV UHODWHG WR WKH
FXUUHQWV WKH FXUUHQW DQJOH DOWHUV WKH SKDVH DQJOH EHWZHHQ
WKH00)YHFWRUDQGGD[LVDQGKHQFHWKHUHVXOWDQWWRUTXH
7KHFXUUHQWDQJOHLQGTIUDPHFDQEHDGMXVWHGE\YDU\LQJ݅ௗDQG݅௤ 
,Q)LJ WKH00)RYHU aUHJLRQ LVDVVRFLDWHG
ZLWK WKH IDXOW VHW $%& ,W LV REVHUYHG WKDW RQO\ DQ 00)
RIIVHW FRPSRQHQW H[LVWV VLQFH WKH 00) SURGXFHG E\ WKH
FXUUHQWV LQ VHW $%& DUH QRW FRQVLGHUHG DW WKLV VWDJH 7KH
00)RIIVHWFRPSRQHQWܨ௛LQWKLVUHJLRQLV LQGXFHGE\WKHFXUUHQWVLQWKHKHDOWK\VHWVZKLFKFDQEHFDOFXODWHGE\ܨ௛ ൌ െ  ? ?ሺ݅஽ ൅ ݅ா െ ݅ிሻ െ  ? ?ሺ݅ீ ൅ ݅ு െ ݅ூሻ ZKHUH ݅஽  ݅ா  ݅ூ DUH WKH SKDVH FXUUHQWV ZKLFK FDQ EHH[SUHVVHGLQWHUPVRIWKHGTFXUUHQWVሺ݅ௗ௛ ǡ ݅௤௛ሻLQ
݅஽ ൌ ݅ீ ൌ ݅ௗ௛ ሺ݌߱ݐሻ െ ݅௤௛ ሺ݌߱ݐሻ ݅ா ൌ ݅ு ൌ ݅ௗ௛ ሺ݌߱ݐ െ  ? ? ? ?ሻ െ ݅௤௛ ሺ݌߱ݐ െ  ? ? 爃?ሻ݅ி ൌ ݅ூ ൌ ݅ௗ௛ ሺ݌߱ݐ ൅  ? ? ? ?ሻ െ ݅௤௛ ሺ݌߱ݐ ൅  ? ? ? ?ሻ
6XEVWLWXWLQJLQWRUHVXOWVLQܨ௛ ൌ െ  ? ?ሺ݅ௗ௛ ܿ݋ݏሺ݌߱ݐ െ  ? ? ?ሻ െ ݅௤௛ ݏ݅݊ሺ݌߱ݐ െ  ? ? ?ሻሻ 
7KH00) LQ WKH a DQG a UHJLRQV
RFFXSLHG E\ WKH KHDOWK\ VHWV '() DQG *+, FRQVLVWV RI D
V\PPHWULFDO$&FRPSRQHQWDQGDQRIIVHWFRPSRQHQW7KH
V\PPHWULFDO FRPSRQHQW LV GHWHUPLQHG E\ WKH KHDOWK\
FXUUHQWVሺ݅ௗ௛ ǡ ݅௤௛ሻZKLOHWKH00)RIIVHWFRPSRQHQWFDQEH
FDOFXODWHGVLPLODUO\
7KHUHVXOWDQWIOX[OLQNDJHVLQWKHIDXOWSKDVHVHWGXHWR
WKHFXUUHQWVLQWKHWZRKHDOWK\SKDVHVHWVDUHSURSRUWLRQDO
WRWKH00)RIIVHWFRPSRQHQWܨ௛7KH\DUHJLYHQE\߰ி௛஺ ൌ ݇ܨ௛߰ி௛஻ ൌ ݇ܨ௛߰ி௛஼ ൌ െ݇ܨ௛ 
7KH N LV WKH SURSRUWLRQDO FRQVWDQW ZKLFK UHSUHVHQWV WKH
FRHIILFLHQWRI WKH IOX[ OLQNDJH LQGXFHGE\ WKH00)RIIVHW
FRPSRQHQW 6LQFH WKH FRLOV DUH IXOOSLWFKHG DQG ܨ௛ LV
FRQVWDQWRYHUWKH$%&VHWUHJLRQWKHNLVLQGHSHQGHQWZLWK
URWRUSRVLWLRQDFFRUGLQJ WR >@ ,WFDQEHREWDLQHGYLD)(
FRPSXWDWLRQ E\ LQMHFWLQJ VSHFLILF 00) RIIVHW FRPSRQHQW
RYHU WKH IDXOW VHW UHJLRQ ,W LV SRVVLEOH WR SUHGLFW WKH
FRQVWDQW N DQDO\WLFDOO\ IRU D VLPSOH URWRU FRQILJXUDWLRQ
+RZHYHU IRU WKH URWRU ZLWK WKUHH PDJQHW OD\HUV )(
FRPSXWDWLRQLVPRUHSUDFWLFDOVLQFHWKH)(PRGHOLVDOUHDG\
DYDLODEOH 7KH YDOXH RI WKH FRQVWDQW N KDV EHHQ JLYHQ LQ
7DEOH , 1RWH WKDW WKH LQGXFHG IOX[ OLQNDJH RI SKDVH & LV
QHJDWLYHZKLFKLVGXHWRWKHUHYHUVHGWXUQIXQFWLRQUHODWLYH
WRWKRVHRISKDVHV$DQG%DVVKRZQLQ)LJ
&)OX[/LQNDJHE\WKH&XUUHQWVLQ)DXOW6HW
$VVXPLQJ VSHFLILF FXUUHQWVሺ݅ௗ௙ ǡ ݅௤௙ሻDUH LQMHFWHG LQ WKH
IDXOW VHW WR FRXQWHUDFW WKH IOX[ OLQNDJHV FDXVHGE\ WKH30
DQGKHDOWK\VHWFXUUHQWVLQWKHIDXOWSKDVHWKHLQGXFHGIOX[
OLQNDJHFDQDOVREHFDOFXODWHGE\WKH00)DSSURDFK
7KH 00) FDXVHG E\ WKH LQMHFWHG FXUUHQWVሺ݅ௗ௙ ǡ ݅௤௙ሻLQ
$%&VHWLVSORWWHGLQ)LJ>@,WLVVHHQWKDWWKHLQMHFWHG
FXUUHQWV SURGXFH D V\PPHWULFDO $& FRPSRQHQW DQG DQ
00) RIIVHW FRPSRQHQW LQ WKH IDXOW VHW UHJLRQ ZKLOH WKH\
JLYH RQO\ ULVH WR DQ 00) RIIVHW FRPSRQHQW RYHU WKH
KHDOWK\VHWVUHJLRQ7KH00)LQWKHIDXOWVHWUHJLRQFDQEH
GHFRPSRVHGWRDQ$&FRPSRQHQWDQGDQRIIVHWFRPSRQHQW
DVVKRZQLQ)LJ
       
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)LJ00)SURGXFHGE\WKHIDXOWVHWFXUUHQWV
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
)LJ00)$&DQGRIIVHWFRPSRQHQWLQWKHIDXOWVHW
$FFRUGLQJWR>@WKH$&FRPSRQHQWLVWKHVDPHDVWKH
KHDOWK\ FRQGLWLRQ ZKHQ DOO WKUHH VHWV DUH H[FLWHG ZLWKሺ݅ௗ௙ ǡ ݅௤௙ሻ +HQFH WKH IOX[ OLQNDJHV LQGXFHG E\ WKH 00)
$&FRPSRQHQWFDQEHFDOFXODWHGE\WKHGTD[LVLQGXFWDQFHሺܮௗǡ ܮ௤ሻLQ  ZKLFK DUH IXUWKHU WUDQVIRUPHG WR WKHSKDVH
TXDQWLWLHVLQ߰஺஼௙ௗ ൌ ܮௗ݅ௗ௙߰஺஼௙௤ ൌ ܮ௤݅௤௙ ߰஺஼௙஺ ൌ ܮௗ݅ௗ௙ ሺ݌߱ݐሻ െ ܮ௤݅௤௙ ሺ݌߱ݐሻ ߰஺஼௙஻ ൌ ܮௗ݅ௗ௙ ܿ݋ݏሺ݌߱ݐ െ  ? ? ? ?ሻ െ ܮ௤݅௤௙ ݏ݅݊ሺ݌߱ݐ െ  ? ? ? ?ሻ߰஺஼௙஼ ൌ ܮௗ݅ௗ௙ ܿ݋ݏሺ݌߱ݐ ൅  ? ? ? ?ሻ െ ܮ௤݅௤௙ ݏ݅݊ሺ݌߱ݐ ൅  ? ? ? ?ሻ
7KHPDJQLWXGHRIWKH00)RIIVHWFRPSRQHQWܨ௙FDQEH
FDOFXODWHG DFFRUGLQJ WR WKH WXUQ IXQFWLRQV DQG SKDVH
FXUUHQWVZKLFKDUHJLYHQLQܨ௙ ൌ  ? ?ሺ݅஺ ൅ ݅஻ െ ݅஼ሻൌ  ? ?ሺ݅ௗ௙ ሺ݌߱ݐ െ  ? ? ?ሻ െ ݅௤௙ ሺ݌߱ݐ െ  ? ? ?ሻሻ 7KHIOX[OLQNDJHVGXHWRWKH00)RIIVHWFRPSRQHQWFDQ
EHFDOFXODWHGVLPLODUO\DQGWKH\DUHH[SUHVVHGLQ߰ி௙஺ ൌ ݇ܨ௙߰ி௙஻ ൌ ݇ܨ௙߰ி௙஼ ൌ െ݇ܨ௙ 
+HQFH WKH IOX[ OLQNDJHV LQ WKH IDXOW SKDVH VHW
SURGXFHGE\LWVRZQFXUUHQWVDUHREWDLQHG
'7RWDO)OX[/LQNDJHLQ)DXOW3KDVH
)URP WKH IRUHJRLQJ DQDO\VLV WKH IOX[ OLQNDJHV RI WKH
IDXOW SKDVH FDQ EH REWDLQHG E\ VXPPLQJ HTXDWLRQV
 :LWKRXW ORVV RI JHQHUDOLW\ WKH IDXOW WXUQV DUH
DVVXPHGLQFRLO$RISKDVH$7KXVWKHIOX[OLQNDJHRIWKH
IDXOWSKDVH$LVH[SUHVVHGLQ߰஺ ൌ ሺ߰௠ ൅ ܮௗ݅ௗ௙ሻ  ݌߱ݐ െ ܮ௤݅௤௙  ݌߱ݐ൅  ?݇ ? ൫݅ௗ௙ െ ݅ௗ௛൯ ሺ݌߱ݐ െ  ? ? ?ሻെ  ?݇ ? ሺ݅௤௙ െ ݅௤௛ሻ ሺ݌߱ݐ െ  ? ? ?ሻሻ 
,Q RUGHU WR PLQLPL]H WKH WXUQ IDXOW FXUUHQW WKH IOX[
OLQNDJH RI WKH IDXOW SKDVH VKRXOG LGHDOO\ EH FRQWUROOHG DV
]HUR 7KLV UHTXLUHV WKDW WKH FRHIILFLHQWV DVVRFLDWHG ZLWK ݌߱ݐDQG ݌߱ݐHTXDOWR]HUR7KHDERYHHTXDWLRQFDQ
EH GHFRPSRVHG WR WZR HTXDWLRQV DV VKRZQ LQ 
DVVRFLDWLQJZLWKWKH ݌߱ݐDQG ݌߱ݐUHVSHFWLYHO\


൫߰௠ ൅ ܮௗ݅ௗ௙൯  ݌߱ݐ ൅  ?݇ ? ൫݅ௗ௙ െ ݅ௗ௛൯  ݌߱ݐ   ? ? ?൅  ?݇ ? ൫݅௤௙ െ ݅௤௛൯  ݌߱ݐ   ? ? ? ൌ  ?െܮ௤݅௤௙  ݌߱ݐ ൅  ?݇ ? ൫݅ௗ௙ െ ݅ௗ௛൯  ݌߱ݐ   ? ? ?െ  ?݇ ? ൫݅௤௙ െ ݅௤௛൯  ݌߱ݐ   ? ? ?ൌ  ?

+HQFH WKH FXUUHQWVሺ݅ௗ௙ ǡ ݅௤௙ሻWR EH LQMHFWHG WR WKH IDXOW
VHW FDQ EH GHWHUPLQHG DV IXQFWLRQV RI WKH KHDOWK\ VHWV
FXUUHQWV ሺ݅ௗ௛ ǡ ݅௤௛ሻ EDVHG RQ WKH WZR HTXDWLRQV ,I WKH
FXUUHQWVሺ݅ௗ௙ ǡ ݅௤௙ሻDUH LQMHFWHG WR WKH IDXOW SKDVH VHW WKH
IOX[ OLQNDJHV RI WKH IDXOW SKDVH ZLOO EH FORVH WR ]HUR
&RQVHTXHQWO\ WKH IOX[ OLQNDJH RI WKH IDXOW WXUQV DQG WKH
UHVXOWDQW IDXOW FXUUHQW ZLOO EH UHGXFHG WRDYHU\ ORZ OHYHO
7KXV WKH LPSDFW RI WKH WXUQ IDXOW H[FHVVLYH IDXOW FXUUHQW
DQG UHVXOWDQW ORFDO KRWVSRW FDQ EH PLWLJDWHG ,W VKRXOG EH
QRWHGWKDWWKHGHULYDWLRQRIWKHLQMHFWHGFXUUHQWVIURP
GRHVQRWUHTXLUHVSHFLILFNQRZOHGJHRIWKHIDXOWORFDWLRQRI
WKHVXEFRLOVLQWKHIDXOWSKDVHDQGWKHQXPEHURIIDXOWWXUQV
+HQFH WKH WHFKQLTXH LV DSSOLFDEOH WR YDULRXV WXUQ IDXOW
VFHQDULRV 7KH SURSRVHG FXUUHQW LQMHFWLRQ PHWKRG ZLOO EH
H[DPLQHGE\)(VLPXODWLRQVDQGH[SHULPHQWDOWHVWV
,,,6,08/$7,21678'<
,QWKLVVHFWLRQWKHHIIHFWLYHQHVVRIWKHSURSRVHGFXUUHQW
LQMHFWLRQ PHWKRG LV LQYHVWLJDWHG E\ )( VLPXODWLRQV 7KH
PLWLJDWLRQ HIIHFW LV FRPSDUHG ZLWK WKH FRQYHQWLRQDO 76&
7KH LQIOXHQFHV RI IDXOW ORFDWLRQ LQ WKH VXEFRLOV VORW
SRVLWLRQDQGWKHQXPEHURIWKHIDXOWWXUQVRQWKHWXUQIDXOW
FXUUHQWDUHDQDO\]HGZLWKWKHFXUUHQWLQMHFWLRQWHFKQLTXH
,Q)(VLPXODWLRQWKHPDFKLQHLVORDGHGE\LGHDOFXUUHQW
VRXUFHV 7KH IDXOW WXUQV LQ D FRLO DUH VHSDUDWHG IURP WKH
RWKHUKHDOWK\WXUQVDVVKRZQLQVHWRI)LJ0RUHGHWDLOV
DUH GHVFULEHG LQ >@ 7KH WXUQ IDXOW LV HPXODWHG E\ VKRUW
FLUFXLWLQJ WKH IDXOW WXUQ GLUHFWO\ ZLWK ]HUR H[WHUQDO
LPSHGDQFH ,Q WHUPV RI 76& WKH SKDVH WHUPLQDOV RI WKH
IDXOWVHWDUHVKRUWFLUFXLWHGZKLOHWKHIDXOWVHWZLQGLQJVDUH
ORDGHGE\LGHDOFXUUHQWVRXUFHVXQGHUWKHSURSRVHGFXUUHQW
LQMHFWLRQPLWLJDWLRQPHWKRG
$(IIHFWLYHQHVVRI&XUUHQW,QMHFWLRQ
)LUVW WKH WXUQ IDXOW XQGHU FXUUHQW LQMHFWLRQ FRQWURO LV
H[DPLQHG DW EDVH VSHHG USP ZKHQ WKH KHDOWK\ VHWV
'() DQG *+, DUH H[FLWHG ZLWK WKH UDWHG FXUUHQWV $
LQPRWRULQJPRGH$VLQJOHWXUQIDXOWRFFXUULQJLQDOO
GLIIHUHQWFRLOORFDWLRQVRIVHW$%&KDVEHHQLQYHVWLJDWHG,Q
HDFK FDVH WKH LQMHFWHG FXUUHQWV DUH FDOFXODWHGE\  DQG
WKH\ DUH IHG WR WKH IDXOW VHW 7KH LQMHFWHG FXUUHQWV LQ WKH
IDXOW VHW DQG WKH UDWHG FXUUHQW $  LQ WKH KHDOWK\
VHWVDORQJZLWKWKHUHVXOWDQWUPVWXUQIDXOWFXUUHQWVDUHDOO
JLYHQ LQ7DEOH ,,7KHZDYHIRUPVRI WKH IDXOW FXUUHQWVDUH
VKRZQ LQ )LJ  ,W LV VHHQ WKDW WKH LQMHFWHG FXUUHQWV DUH
GLIIHUHQWLIWKHWXUQIDXOWRFFXUVLQGLIIHUHQWSKDVHVDQGWKHLU
PDJQLWXGHVDUHORZHUWKDQWKHUDWHGYDOXH7KLV LVEHFDXVH
WKH LQMHFWHG FXUUHQWV DLP WR UHGXFH WKH IOX[ OLQNDJHRI WKH
IDXOW SKDVH RQO\ ZKHUH WKH IDXOW WXUQV DUH ORFDWHG 7KH
PD[LPXP UPV WXUQ IDXOW FXUUHQW ZKLFK UHVXOWV ZLWK WKH
LQMHFWLRQ WHFKQLTXH LVSXZKHQ WKH IDXOWRFFXUV LQFRLO
$ $FFRUGLQJ WR WKH LQYHVWLJDWLRQ LQ >@ WKH PD[LPXP
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WXUQIDXOWFXUUHQWZLWK76&ZDVSXZKHQ WKHIDXOW WRRN
SODFH LQ FRLO % LQ PRWRULQJ PRGH 7KXV WKH PD[LPXP
IDXOW FXUUHQW KDV EHHQ UHGXFHG E\  ZLWK WKH SURSRVHG
FXUUHQW LQMHFWLRQ WHFKQLTXH 7KH SX IDXOW FXUUHQW RQO\
LQYROYHV LQRQH IDXOW WXUQ WKH LQFXUUHGFRSSHU ORVVFDQEH
HDVLO\DFFRPPRGDWHGE\WKHPDFKLQH
)LJ6LQJOHWXUQIDXOWFXUUHQWZDYHIRUPVLQGLIIHUHQWFRLOORFDWLRQV
7DEOH,,
5067851)$8/7&855(176,1',))(5(17&2,//2&$7,216
7XUQIDXOW
FRLOORFDWLRQ ,QMHFWHGFXUUHQWV )DXOWFXUUHQWUPVYDOXH
$ $$ $SX
$ $$ $SX
% $$ $SX
% $$ $SX
& $$ $SX
& $$ $SX
$V SUHYLRXVO\ PHQWLRQHG WKH VDWXUDWLRQ HIIHFW LV QRW
FRQVLGHUHG LQ WKH IOX[ OLQNDJH HVWLPDWLRQ 7KLV LV EHFDXVH
WKH LQMHFWHG FXUUHQW WR WKH IDXOW VHW KDV D ODUJH QHJDWLYH݅ௗDQG VPDOO݅௤ DV VKRZQ LQ 7DEOH ,, 7KHUHIRUH WKH IDXOW VHW
UHJLRQ RSHUDWHV LQ GHHS ILHOG ZHDNHQLQJ UHJLRQ ZKLFK
LPSOLHV WKDW WKHPDLQ IOX[SDWK DVVRFLDWHGZLWK WKH IDXOWHG
ZLQGLQJ LV XQVDWXUDWHG +HQFH WKH PDFKLQH FDQ EH
FRQVLGHUHG DV OLQHDU DQG WKH HUURU FDXVHG E\ VDWXUDWLRQ LV
VPDOO
7KH PDLQ DSSURDFK RI WKH SURSRVHG PHWKRG LV WR
PLQLPL]H WKH IOX[ OLQNDJH RI WKH IDXOW WXUQV E\ LQMHFWLQJ
VSHFLILFFXUUHQWWRWKHIDXOWVHWZLQGLQJV+RZHYHUWKHIDXOW
WXUQIOX[OLQNDJHFDQQRWEHFRPSOHWHO\QXOOLILHGPDLQO\GXH
WR WZR UHDVRQV )LUVW RQO\ WKH IXQGDPHQWDO FRPSRQHQW LV
FRQVLGHUHG ZKLOH WKH KLJK RUGHU KDUPRQLFV RI WKH IDXOWHG
WXUQIOX[OLQNDJHZLOODOVRLQGXFHVKRUWFLUFXLWFXUUHQWLQWKH
IDXOW WXUQV 6HFRQG WKH SKDVH DQJOH RI WKH IDXOW WXUQ IOX[
OLQNDJHLVGHSHQGHQWRQWKHFRLO ORFDWLRQRIWKHIDXOW WXUQV
+RZHYHU QR SUDFWLFDO WHFKQLTXH H[LVWV WR GHWHFW WKH IDXOW
ORFDWLRQ WR GDWH 7KHUHIRUH LQ WKH SURSRVHG PHWKRG LW LV
DVVXPHGWKDWWKHIDXOWWXUQFRLQFLGHVZLWKWKHIDXOWHGSKDVH
D[LV 7KLV ZLOO HQVXUH RQ DYHUDJH SUREDELOLW\ RI D IDXOW
ORFDWLRQ 7KH FXUUHQW LV LQMHFWHG WR PLQLPL]H WKH UHVLGXDO
IOX[DORQJWKHSKDVHD[LV+HQFHLIDIDXOWRFFXUVLQFRLO$
WKH LQMHFWHG FXUUHQW LV  OHDGLQJ ZKLOH LW ZLOO EH 
ODJJLQJLQFDVHWKHIDXOWLVLQFRLO$6LPLODULVWUXHIRUWKH
WXUQIDXOWLQSKDVHV%DQG&7KXVIXQGDPHQWDOFRPSRQHQW
RI WKHIDXOWWXUQIOX[OLQNDJH LVQRWEHQXOOLILHGFRPSOHWHO\
DQG IDXOW FXUUHQW VWLOO FLUFXODWHV LQ WKH IDXOW WXUQV
1RQHWKHOHVV LW LV PXFK ORZHU WKDQ WKDW RI 76& PHWKRG
2ZLQJ WR WKH DERYH WZR IDFWV WKH LQMHFWHG FXUUHQWV DIIHFW
WKH IXQGDPHQWDO DQG KLJK RUGHUKDUPRQLF IOX[ OLQNDJHVRI
WKH IDXOWHG WXUQ LQ D GLIIHUHQW PDQQHU IRU GLIIHUHQW FRLO
ORFDWLRQVDQG WKHUHVXOWDQW IDXOWFXUUHQWZDYHIRUPVVKRZQ
LQ)LJDUHGLIIHUHQW
%5HVLGXDO)OX[/LQNDJHRIWKH)DXOW7XUQV
,W KDV EHHQ VKRZQ WKDW WKH SURSRVHG FXUUHQW LQMHFWLRQ
WHFKQLTXH FDQ UHGXFH WKH WXUQ IDXOW FXUUHQW IXUWKHU
FRPSDULQJ ZLWK 76& 7KH IDXOW FXUUHQW UHGXFWLRQ LV
H[SODLQHGLQGHSWKE\FRPSDULQJWKHUHVLGXDOIOX[OLQNDJHV
RI WKH IDXOW WXUQ DQG IDXOW SKDVH XQGHU WKH WZR GLIIHUHQW
PLWLJDWLRQVWUDWHJLHV)RUDVLQJOHWXUQIDXOWLQFRLO%ZLWK
UDWHGFXUUHQWH[FLWDWLRQLQWKHKHDOWK\VHWVDWEDVHVSHHGWKH
UHVLGXDOSKDVHIOX[ OLQNDJHVZKLFKUHVXOWVZLWK WR WKH WZR
PLWLJDWLRQPHDVXUHVKDYHEHHQFRPSDUHGLQ)LJDQG)LJ
 8QGHU WKH 76& WKH IOX[ OLQNDJHV RI SKDVHV $%& DUH
UHGXFHG VLPXOWDQHRXVO\ ,Q FRQWUDVW ZKHQ WKH PDFKLQH
RSHUDWHV LQ WKH VDPHFRQGLWLRQXQGHU WKHFXUUHQW LQMHFWLRQ
RQO\ WKH IOX[ OLQNDJH RI WKH IDXOW SKDVH % LV UHGXFHG WR D
YHU\ ORZ OHYHOZKLOVW WKH IOX[ OLQNDJHVRISKDVHV $DQG&
DUHPXFKKLJKHU
7KHSHDNWRSHDN UHVLGXDO IOX[ OLQNDJHV LQSKDVH%DQG
IDXOW WXUQ%IDUHFRPSDUHG LQ7DEOH ,,, ,W LV HYLGHQW WKDW
XQGHUWKHFXUUHQW LQMHFWLRQERWKWKHIOX[OLQNDJHVRISKDVH
% DQG IDXOW WXUQ %I DUH PXFK ORZHU WKDQ WKRVH ZLWK WKH
76&DQGFRQVHTXHQWO\ WKHIDXOWFXUUHQWZLWK WKHSURSRVHG
PHWKRGLVORZHU
)LJ5HVLGXDOIOX[OLQNDJHVXQGHU76&
)LJ5HVLGXDOIOX[OLQNDJHVXQGHUFXUUHQWLQMHFWLRQ

7DEOH,,,
3($.723($.9$/8(2)5(6,'8$/)/8;/,1.$*(
5HVLGXDOIOX[OLQNDJH 76& &XUUHQWLQMHFWLRQ
)DXOWSKDVH% H9V H9V
)DXOWWXUQ%I H9V H9V
&,QIOXHQFHRIWKH6ORW3RVLWLRQRI)DXOW7XUQV
,WLVHVVHQWLDOWRDQDO\]HWKHIDXOWFXUUHQWGHSHQGHQF\RQ
WKH VORW SRVLWLRQ RI WKH IDXOW WXUQV DV VKRZQ LQ )LJ 
EHFDXVHWKHVORWOHDNDJHLQGXFWDQFHKDVDQRWDEOHLQIOXHQFH
RQ WKH IDXOW FXUUHQW 7KH VORW OHDNDJH LQGXFWDQFH LV
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GHSHQGHQWRQWKHSRVLWLRQRIWKHIDXOWWXUQVLQWKHVORW7KH
WXUQ QHDU WKH VORW RSHQLQJ LV GHILQHG DV WRS WXUQ ZKLOH WKH
WXUQFORVHWRWKHVWDWRU\RNHLVGHILQHGDVERWWRPWXUQ7KH
DQDO\VLV LQ >@VKRZV WKDW WKH WXUQIDXOWFXUUHQW LV WKH
KLJKHVW LI WKH IDXOW WXUQV DUH FORVH WR WKH VORW RSHQLQJ
7KHUHIRUH LW LV HVVHQWLDO WR VKRZ WKDW WKH SURSRVHG
WHFKQLTXH LV HIIHFWLYH IRU ERWK RU DQ\ IDXOW ORFDWLRQV LQ D
VORWEHWZHHQWKHWZR
+HQFHDVLQJOHWXUQIDXOWZKLFKRFFXUVDWWKHWRSDQGWKH
ERWWRP LQ FRLO % VORW LV DQDO\]HG 7KH VDPH FXUUHQWV DUH
LQMHFWHG WR WKH IDXOW VHW ZKLOH WKH KHDOWK\ VHWV DUH ORDGHG
ZLWKWKHUDWHGFXUUHQWV)LJFRPSDUHVWKHUHVXOWDQW WXUQ
IDXOWFXUUHQWVZKHQWKHIDXOWRFFXUVLQWKHWZRGLIIHUHQWVORW
SRVLWLRQV ,W LV VKRZQ WKDW WKH IDXOW WXUQ DW WKH WRS
H[SHULHQFHVKLJKHUFXUUHQWSXWKDQWKDWDWWKHERWWRP
SX GXH WR WKH VFUHHQLQJ HIIHFW >@ +RZHYHU WKH
IDXOWFXUUHQWLQWKHWRSWXUQLVVWLOOLQWKHVDIHWKHUPDOUDQJH
7KXV WKH SURSRVHG PLWLJDWLRQ VWUDWHJ\ LV HIIHFWLYH LQ WKH
ZRUVWWXUQVORWSRVLWLRQ
7RS
%RWWRP
)LJ,OOXVWUDWLRQRIWKHVORWSRVLWLRQRIWKHIDXOWWXUQ
)LJ7XUQIDXOWFXUUHQWVLQGLIIHUHQWVORWSRVLWLRQ
',QIOXHQFHRIWKH1XPEHURI)DXOW7XUQV
7KH IDXOW FXUUHQW LV DOVR DIIHFWHG E\ WKH QXPEHU RI
IDXOWHG WXUQV ,Q FDVH RI D WXUQ IDXOW ZLWKRXW FXUUHQW
LQMHFWLRQ WKH WXUQ IDXOWFXUUHQWGHFUHDVHVDV WKHQXPEHURI
IDXOW WXUQV LQFUHDVHV7KLV LV EHFDXVH WKHLQGXFWDQFHRI WKH
IDXOW WXUQV LV SURSRUWLRQDO WR WKH VTXDUH RI WKH QXPEHU RI
WXUQV0HDQZKLOHWKHIOX[OLQNDJHRIWKHIDXOWWXUQVDQGWKH
LQGXFHG YROWDJH DUH SURSRUWLRQDO WR WKH QXPEHU RI WXUQV
7KHUHIRUHWKHUHVXOWDQWVKRUWFLUFXLWFXUUHQWGHFUHDVHVZLWK
WKHLQFUHDVHLQWKHQXPEHURIIDXOWHGWXUQV>@
+RZHYHU IRU WKH WXUQ IDXOW ZLWK FXUUHQW LQMHFWLRQ WKH
IOX[OLQNDJHRIWKHIDXOW WXUQVLVQXOOLILHGE\DVVXPLQJWKDW
DOOWXUQVRIDIDXOWFRLOVDUHLQMHFWHGZLWKWKHFXUUHQWVLQFHLW
LVQRWSRVVLEOHWRGHWHFWWKHQXPEHURIVKRUWFLUFXLWHGWXUQV
7KH UHDO HIIHFW LV GLIIHUHQW IRU GLIIHUHQW QXPEHU RI IDXOWHG
WXUQV 6R WKH WXUQ IDXOWV ZLWK    DQG VKRUW FLUFXLWHG
WXUQV LQ FRLO % DUH DQDO\]HG LQ )( VLPXODWLRQ ZKHQ WKH
KHDOWK\ VHWV DUH ORDGHG E\ WKH UDWHG FXUUHQWV 7KH VDPH
FXUUHQWV DUH LQMHFWHG WR WKH IDXOW VHW DV JLYHQ LQ 7DEOH ,,
7KHUHVXOWDQW WXUQIDXOWFXUUHQWVDUHVKRZQLQ)LJ,W LV
VHHQWKDW WKHIDXOWFXUUHQWGHFUHDVHVDV WKHQXPEHURIIDXOW
WXUQV LQFUHDVHV 7KXV WKH SURSRVHG PHWKRG LV HIIHFWLYH LQ
UHGXFWLRQRI WKH IDXOW FXUUHQW IRUGLIIHUHQW QXPEHURI IDXOW
WXUQV
)LJ506WXUQIDXOWFXUUHQWVZLWKGLIIHUHQWQXPEHURIIDXOWWXUQV
(2XWSXW7RUTXH
7KH LQIOXHQFH RI WKH SURSRVHG FXUUHQW LQMHFWLRQ RQ WKH
RXWSXW WRUTXH LV DVVHVVHG 7KH WRUTXHV XQGHU KHDOWK\
FRQGLWLRQDQGWXUQIDXOWFRQGLWLRQZLWKGLIIHUHQWQXPEHURI
IDXOW WXUQV ZKHQ WKH WZR PLWLJDWLRQ PHDVXUHV DUH DSSOLHG
DUH FRPSDUHG LQ )LJ  1RWH WKDW DOO RI WKHVH IDXOW WXUQV
DUH YHU\ FORVH WR WKH VORW RSHQLQJ ,W LV VHHQ WKDW WKH
PDFKLQHXQGHUGLIIHUHQWWXUQVIDXOWH[KLELWVDOPRVWWKHVDPH
WRUTXHDVDUHVXOWWKH\FRLQFLGHVZLWKHDFKRWKHUDQGVRPH
RIWKHPDUHQRWYLVLEOH
7KH UHVXOWV VKRZ WKDW WKH RXWSXW WRUTXH XQGHU FXUUHQW
LQMHFWLRQ PHWKRG LV a KLJKHU WKDQ WKDW RI 76& 7KH
WRUTXH LV VOLJKWO\ ERRVWHG SULPDULO\ EHFDXVH WKH LQMHFWHG
FXUUHQWVDUHDOOZLWKQHJDWLYH݅ௗDQGSRVLWLYH݅௤ DVVKRZQLQ
7DEOH,,7KH\ZLOOSURGXFHSRVLWLYH WRUTXH LQ WKHIDXOWVHW
UHJLRQ ,Q WKH76& PHWKRG RQO\ UHDFWLYH FXUUHQWV IORZ LQ
WKH IDXOW VHW ZLQGLQJV UHVXOWLQJ LQ QHJDWLYH݅ௗ DQG QHDUO\]HUR݅௤ 7KH\SURGXFHPXFKOHVVWRUTXH
7KH WRUTXH ERRVW FDQ EH H[SODLQHG E\ DQDO\]LQJ WKH
WRUTXHFRQWULEXWLRQVRIHDFKVHWUHJLRQDVVKRZQLQ)LJ
WDNLQJ RQH WXUQ IDXOW DV DQ H[DPSOH ,W LV VHHQ WKDW WKH
KHDOWK\ VHWV YL] VHW  DQG VHW  SURGXFH VLPLODU WRUTXH
XQGHU WKH WZR PLWLJDWLRQ VWUDWHJLHV+RZHYHU WKH IDXOW VHW
XQGHU FXUUHQW LQMHFWLRQ FRQWULEXWHV KLJKHU WRUTXH WKDQ WKDW
RI76&+HQFH WKHPDFKLQHZLWKFXUUHQW LQMHFWLRQPHWKRG
FDQSURYLGHKLJKHUWRUTXH
)LJ  2XWSXW WRUTXHVXQGHUGLIIHUHQW PLWLJDWLRQ VWUDWHJLHV FRQVLGHULQJ
GLIIHUHQWIDXOWWXUQV
)LJ7RUTXHFRQWULEXWLRQRIGLIIHUHQWVHWUHJLRQVXQGHUWZRPLWLJDWLRQ
VWUDWHJLHVZLWKRQHWXUQIDXOW
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,Q JHQHUDWLQJ PRGH WKH KHDOWK\ VHWV ZLQGLQJV DUH
RSHUDWLQJ ZLWK QHJDWLYH ݅ௗ DQG QHJDWLYH ݅௤  7KH GHULYHG
LQMHFWHGFXUUHQWLQWKHIDXOWVHWZLOOEHDOVRQHJDWLYH݅ௗDQGQHJDWLYH݅௤  &RQVHTXHQWO\ LW DOVR SURGXFHV KLJKHU WRUTXH
EUHDNLQJWRUTXHWKDQWKDWRIWKH76&PHWKRG
)(IIHFWLYHQHVVDWKLJKVSHHG
,W LV ZHOO NQRZQ WKDW WKH IDXOW FXUUHQW LQFUHDVHV ZLWK
VSHHGDQGZLOOEHFRPHVWDEOHDWDUHODWLYHKLJKVSHHGLIZLWK
WKHVDPHORDGFXUUHQWV7KXVRQHWXUQIDXOW LQFRLO$KDV
EHHQ VLPXODWHG LQ )( DW PD[LPXP VSHHG USP 7KH
FXUUHQWV LQ WKH KHDOWK\ VHWV ZLQGLQJV DUH $  7KH
LQMHFWHGFXUUHQWV LQWKHIDXOWVHWZLQGLQJVDUHFDOFXODWHGDV
݅ௗ௙$݅௤௙$7KHVLPXODWHGWXUQIDXOWFXUUHQWLV
VKRZQLQ)LJ,WLVIRXQGWKHIDXOWFXUUHQWLVORZHUWKDQ
WKHUDWHGYDOXH7KHUHDVRQLVEHFDXVHWKHDOOWKUHHSKDVH
VHWVRSHUDWHLQGHHSILHOGZHDNHQLQJUHJLRQDVDUHVXOWWKH
PDFKLQHLVQRWVDWXUDWHGDQGLWFDQEHFRQVLGHUHGDVOLQHDU
&RQVHTXHQWO\ WKH SURSRVHG PHWKRG FDQ UHGXFH WKH IOX[
OLQNDJHRIWKHIDXOWWXUQPRUHHIIHFWLYHO\
)LJ6LPXODWHGWXUQIDXOWFXUUHQWLQFRLO$DWUSP
,9(;3(5,0(17$/7(67
7KH SURSRVHG FXUUHQW LQMHFWLRQ PHWKRG KDV EHHQ WHVWHG
RQ D WULSOH UHGXQGDQW [SKDVH 30$ 6\Q50 ZKRVH
VSHFLILFDWLRQV DUH JLYHQ LQ 7DEOH , 7KH VFKHPDWLF RI WKH
SURSRVHGFXUUHQWLQMHFWLRQFRQWUROGLDJUDPLVVKRZQLQ)LJ
 7KH FDOFXODWLRQ EORFN SURYLGHV WKH FXUUHQW FRPPDQGV
IRU WKH IDXOW VHW ZLQGLQJV DFFRUGLQJ WR WKH IDXOW SKDVH
ORFDWLRQ DQG FXUUHQWV IHHGEDFN IURP WKH KHDOWK\ VHWV
ZLQGLQJVEDVHGRQHTXDWLRQ7KHQWKHWKUHHGTFXUUHQW
FRQWUROOHUVWUDFNWKHFXUUHQWFRPPDQGVLQGHSHQGHQWO\7KH
PDFKLQHSURWRW\SHLVVKRZQLQ)LJ$VFDQEHVHHQWKH
PDFKLQHZLQGLQJVDUHVHSDUDWHGE\WKHVHJUHJDWHGZLQGLQJ
FRQILJXUDWLRQ,QRUGHUWRWHVWWKHWXUQIDXOWEHKDYLRUXQGHU
WKH SURSRVHG FXUUHQW LQMHFWLRQ WHFKQLTXH WZR WDSV IRU D
VLQJOH WXUQ IDXOW DUHEURXJKWRXW IURPFRLO% RI VHW$%&
IRU HPXODWLQJ D VLQJOH WXUQ VKRUW FLUFXLW 7KH WDSV DUH
FRQQHFWHGYLDWKLFNFDEOHVWRDKLJKFXUUHQWUHOD\WRHPXODWH
VLQJOHWXUQIDXOWLQDFRQWUROOHGPDQQHU7KHVFKHPDWLFWXUQ
IDXOWLPSOHPHQWDWLRQLVVKRZQLQ)LJG7KHLQWHJUDWHG
WHVWULJLVVKRZQLQ)LJZKHUHWKHPDFKLQHLVFRQQHFWHG
WR WKH G\QDPRPHWHU YLD DQ LQOLQH WRUTXH WUDQVGXFHU 7KH
PDFKLQH LV IHG E\ D '63 EDVHG SKDVH LQYHUWHU (DFK 
SKDVH VHW LV FRQWUROOHGE\ DQ LQGHSHQGHQWSKDVH LQYHUWHU
ZKLFK WUDFNV FXUUHQW FRPPDQGV 7KH '63 VDPSOLQJ
IUHTXHQF\ DQG LQYHUWHU VZLWFKLQJ IUHTXHQF\ DUH VHW WR 
N+]
LGLT
$
% &
3URSRVHG
FXUUHQWLQMHFWLRQ
FDOFXODWLRQEORFN
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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+HDOWK\
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LGLT 
+HDOWK\
FXUUHQWV 3:0GTFXUUHQW
FRQWUROOHU
3:0GTFXUUHQW
FRQWUROOHU
)DXOW
SKDVH
ORFDWLRQ
)DXOW
GHWHFWLRQ
)LJ6FKHPDWLFRIWKHSURSRVHGFXUUHQWLQMHFWLRQFRQWUROGLDJUDP
6HW$%&
6HW'() 6HW*+,
,QVXODWLRQ
SDSHU
 D E

+HDOWK\WXUQV )DXOWWXUQV
3KDVH%
&RQWUROUHOD\

F G
)LJ7ULSOH[SKDVH30$6\Q50SURWRW\SHDVHJUHJDWHGZLQGLQJV
EFDEOHOHDGVFFRQWUROUHOD\GWXUQIDXOWLOOXVWUDWLRQ
7ULSOH[SKDVH
30$6\Q50
2LOFRROLQJ
PDFKLQH
[SKDVH'63
EDVHGLQYHUWHU
'\QR
6FRSH
)LJ7HVWULJRIWKHSURWRW\SHPDFKLQHGULYH
$7XUQ)DXOWLQ&RLO%
)LUVW WKH WXUQ IDXOW LQ FRLO % LV WHVWHG XQGHU WKH WZR
PLWLJDWLRQPHWKRGVQDPHO\76&DQGWKHSURSRVHGFXUUHQW
LQMHFWLRQPHWKRGZKHQWKHKHDOWK\VHWVDUHORDGHGZLWKWKH
UDWHG FXUUHQWV $ DW USP 7KH UHVXOWDQW WXUQ IDXOW
FXUUHQW DQG SKDVH FXUUHQWV XQGHU WKH WZR PLWLJDWLRQ
PHDVXUHVDUHVKRZQLQ)LJDQG)LJ8QGHUWKH76&
WKHSKDVHFXUUHQWV LQWKHIDXOWVHWDUHUHDFWLYHDQGWKH\DUH
KLJKO\ XQEDODQFHG GXH WR WKH PXWXDO FRXSOLQJ ZLWK WKH
KHDOWK\ VHWV DV VHHQ LQ )LJ D &RQVHTXHQWO\ WKH UPV
IDXOW FXUUHQW LV UHODWLYHO\ KLJKHU DW $ DOEHLW WKH
FXUUHQWVLQWKHKHDOWK\VHWVDUHZHOOFRQWUROOHGDVVKRZQLQ
&X
UUH
QW
$
,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
)LJ D :KHQ WKH SKDVH FXUUHQWV RI WKH IDXOW VHW DUH
FRQWUROOHG E\ WKH SURSRVHG FXUUHQW LQMHFWLRQ PHWKRG WKH\
H[KLELW D UHDVRQDEOH OHYHO RI V\PPHWU\ GXH WR WKH FORVHG
ORRSFXUUHQWFRQWUROOHUZKLOHWKHFXUUHQWVLQWKHKHDOWK\VHWV
DUHDOVRZHOOFRQWUROOHGDVLVHYLGHQWLQ)LJEDQG)LJ
E 6LQFH WKH IOX[ OLQNDJHV RI WKH IDXOW SKDVH DQG WKH
IDXOW WXUQ DUH PLQLPL]HG E\ WKH LQMHFWHG FXUUHQWV WKH
UHVXOWDQW UPV IDXOW FXUUHQW LV RQO\ $ PXFK ORZHU WKDQ
WKDWRIWKH76&VFKHPH
D
E
)LJ)DXOWFXUUHQWDQGSKDVHFXUUHQWVLQVHW$%&DZLWK76&EZLWK
FXUUHQWLQMHFWLRQ
D
E
)LJ3KDVHFXUUHQWVLQVHWV'()DQG*+,DZLWK76&EZLWKFXUUHQW
LQMHFWLRQ
,W VKRXOG EH QRWHG WKDW GXH WR WKH OLPLWHG QXPEHU RI
DYDLODEOH FXUUHQW SUREHV WKH  SKDVH FXUUHQWV DQG IDXOW
FXUUHQWDUHPDLQO\PHDVXUHGE\WKHLQYHUWHUFXUUHQWVHQVRUV
DQGWKHGDWDDUHVWRUHGLQWKH'635$0&RQVHTXHQWO\WKH
VZLWFKLQJ KDUPRQLFV DUH QRW YLVLEOH GXH WR WKH OLPLWHG
VDPSOLQJIUHTXHQF\DQGDQWLDOLDVILOWHULQJ
7KH HIIHFWLYHQHVV RI WKH SURSRVHG PHWKRG LV DOVR
YDOLGDWHGLQDZLGHRSHUDWLRQUDQJHE\YDU\LQJWKHKHDOWK\
VHWV FXUUHQWV IURP $ WR $ )RU WKH SXUSRVH RI
FRPSDULVRQWKHWXUQIDXOWFXUUHQWZLWKRXWPLWLJDWLRQDFWLRQ
LV WHVWHGDWD ORZ VSHHGUSPVLQFH WKH IDXOW FXUUHQW LV
H[FHVVLYHDWUSPZKLFKPD\FDXVHSHUPDQHQWGDPDJH
WRWKHPDFKLQH,WLVVHHQWKHIDXOWFXUUHQWZLWKQRDFWLRQLV
DERXWWLPHVRIWKHUDWHGYDOXHDQGLWZLOOEHHYHQODUJHUDW
KLJKHUVSHHG7KXVHIIHFWLYHPLWLJDWLRQPHWKRGLVHVVHQWLDO
WROLPLW WKHH[FHVVLYHIDXOWFXUUHQW7KHUHVXOWDQW WXUQIDXOW
FXUUHQW XQGHU 76& DQG FXUUHQW LQMHFWLRQ DW USP DUH
FRPSDUHG LQ )LJ  ,W LV VHHQ WKH WXUQ IDXOW FXUUHQWV DUH
HIIHFWLYHO\ UHGXFHG IRU WKH ERWK VWUDWHJLHV $QG LW LV WKH
ORZHVW IRU WKHSURSRVHGFXUUHQW LQMHFWLRQPHWKRG LQZKROH
RSHUDWLRQUDQJH
)LJ  5PV WXUQ IDXOW FXUUHQWYDULDWLRQ ZLWKKHDOWK\ VHWV FXUUHQWVZLWK
WXUQIDXOWLQFRLO%LQGLIIHUHQWRSHUDWLRQFRQGLWLRQV
0HDQZKLOH WKH WRUTXHV LQ KHDOWK\ FRQGLWLRQ DUH
FRPSDUHG ZLWK WKRVH XQGHU 76& DQG FXUUHQW LQMHFWLRQ
PHWKRG E\ YDU\LQJ WKH KHDOWK\ VHWV FXUUHQW IURP $ WR
$ LQ )LJ  DQG 7DEOH ,9 ,W LV VHHQ WKDW WKH RXWSXW
WRUTXHV XQGHU FXUUHQW LQMHFWLRQ FRQWURO DUH DOZD\V KLJKHU
WKDQ WKRVH RI 76& ZKHQ WKH IDXOW WXUQ LV LQ FRLO % 7KH
WRUTXHUHGXFWLRQXQGHUFXUUHQW LQMHFWLRQZLWK$FXUUHQW
LV 1P ZKLFK DERXW TXDUWHU RI WKH UDWHG WRUTXH $W ORZ
FXUUHQWUDQJHWKHWRUTXHXQGHUFXUUHQWLQMHFWLRQLVFORVHWR
WKHKHDOWK\FRQGLWLRQVLQFH WKH LQMHFWHGFXUUHQWVFRQWULEXWH
VRPHWRUTXHLQWKHIDXOWVHWUHJLRQDQGWKHRYHUDOOWRUTXHLV
DOPRVWWKHVDPH
)LJ   9DULDWLRQV RI WRUTXH ZLWK WKH ORDG FXUUHQWV DW USP LQ
GLIIHUHQWRSHUDWLRQFRQGLWLRQV
7DEOH,9
&203$5,6212)7+(28738772548(69$5,$7,216:,7+7+(/2$'
&855(17681'(5',))(5(1723(5$7,21&21',7,216
/RDG
FXUUHQW
+HDOWK\
RSHUDWLRQ %76& %&- $76& $&-
$ 1P 1P 1P 1P 1P
$ 1P 1P 1P 1P 1P
$ 1P 1P 1P 1P 1P
$ 1P 1P 1P 1P 1P
$ 1P 1P 1P 1P 1P
$ 1P 1P 1P 1P 1P
%7XUQ)DXOWLQ&RLO$
$V VKRZQ LQ )LJ  WKH IDXOW WXUQ LV ORFDWHG LQ FRLO %
ZKHQ WKH URWRU URWDWHV DQWLFORFNZLVH +RZHYHU WKH
HTXLYDOHQWIDXOWORFDWLRQRIWKHIDXOWWXUQZLOOEHLQFRLO$
LIWKHURWRUURWDWHVFORFNZLVH+HQFHWKHWXUQIDXOWFDQDOVR
     
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76&
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,(((75$16$&7,21621,1'8675,$/(/(&7521,&6
EH WHVWHG LQ FRLO $ E\ URWDWLQJ FORFNZLVH 7KLV IDXOW
VFHQDULRLVDOVRWHVWHGDWUSPZKLOHWKHKHDOWK\VHWVDUH
ORDGHG ZLWK $ FXUUHQWV 'XH WR WKH SDSHU OHQJWK OLPLW
RQO\ WKH FXUUHQW ZDYHIRUPV XQGHU WKH FXUUHQW LQMHFWLRQ
FRQWURO DUH VKRZQ LQ )LJ  ,W LV VHHQ WKDW WKH WXUQ IDXOW
FXUUHQWLVOLPLWHGHIIHFWLYHO\DQGWKHSKDVHFXUUHQWVDUHZHOO
FRQWUROOHGZLWKVPDOOGLVWRUWLRQ
7KHWXUQIDXOWFXUUHQWLQFRLO$ZKHQWKHWZRPLWLJDWLRQ
PHDVXUHVDUHDSSOLHG LVDOVRH[DPLQHG LQDZLGHRSHUDWLRQ
UDQJH E\ YDU\LQJ WKH KHDOWK\ VHWV FXUUHQWV IURP $ WR
$ 7KH UHVXOWDQW WXUQ IDXOW FXUUHQWV XQGHU WKH WZR
PLWLJDWLRQPHWKRGVDUHFRPSDUHG LQ)LJ ,W LV VHHQ WKH
PD[LPXP WXUQ IDXOW FXUUHQW ZLWK WKH FXUUHQW LQMHFWLRQ
FRQWURO LV ORZHU WKDQ WKDWRI 76& ,Q WKH OLJKW ORDG UDQJH
WKH IDXOW FXUUHQW XQGHU WKH FXUUHQW LQMHFWLRQ LV VOLJKWO\
KLJKHU WKDQ WKDWRI WKH76& +RZHYHU WKH IDXOW FXUUHQW LV
PXFK ORZHU WKDQ WKHUDWHGYDOXHDQG LWZLOOQRWFDXVHDQ\
WKHUPDO LVVXH ,W DOORZV WKH PDFKLQH WR KDYH ODUJHU VDIH
PDUJLQXQGHUWKHZRUVWIDXOWVFHQDULR7KHUHVXOWDQWWRUTXHV
DUH FRPSDUHG LQ )LJ  DQG 7DEOH ,9 7KH RXWSXW WRUTXH
XQGHU FXUUHQW LQMHFWLRQ FRQWURO LV FORVH WKDW RI WKH 76&
ZKHQWKHIDXOWWXUQLVLQFRLO$7KHGLIIHUHQWEHKDYLRUVLQ
WKH IDXOW FXUUHQWDQG WRTXH IURP WKRVH VHHQ LQ)LJDQG
)LJDUHFDXVHGE\WKHGLIIHUHQFHVLQWKHLQMHFWHGFXUUHQWV
DVOLVWHGLQ7DEOH,,ZKHQWKHIDXOWRFFXUVLQFRLO$
D
E
)LJ   )DXOW FXUUHQW DQG  SKDVH FXUUHQWV D IDXOW FXUUHQW DQG SKDVH
FXUUHQWVLQVHW$%&ESKDVHFXUUHQWVLQKHDOWK\VHWV
)LJ   5PV WXUQ IDXOW FXUUHQWYDULDWLRQ ZLWKKHDOWK\ VHWV FXUUHQWVZLWK
WXUQIDXOWLQFRLO$DWUSP
)LJ9DULDWLRQVRISRVWIDXOWWRUTXHZLWKKHDOWK\VHWVFXUUHQWVZLWKWXUQ
IDXOWLQFRLO$DWUSP
&,QWHJUDWHG)DXOW7HVWZLWK&XUUHQW,QMHFWLRQ
,Q SUDFWLFDO RSHUDWLRQ WKH WXUQ IDXOW VKRXOG EH WLPHO\
GHWHFWHG DQG WKH PLWLJDWLRQ DFWLRQ VKRXOG EH DSSOLHG
LPPHGLDWHO\ WR DYRLG DQ\ IXUWKHU GDPDJH WR WKH PDFKLQH
GULYH 7KHUHIRUH D FRPELQHG WHVW RI WXUQ IDXOW IDXOW
GHWHFWLRQDQGIDXOWPLWLJDWLRQLVSHUIRUPHGDVVKRZQLQ)LJ
,QLWLDOO\WKHPDFKLQHLVRSHUDWLQJDWUSPZLWK$
ORDG FXUUHQWV 7KHQ D WXUQ IDXOW LV LQMHFWHG LQ FRLO % DW
V DQG WKH IDXOW FXUUHQW TXLFNO\ VKRRWV WR $ 7KH
IDXOWLVGHWHFWHGE\WKH3:0ULSSOHFXUUHQWEDVHGGHWHFWLRQ
PHWKRG LQ >@ DQG WKH IDXOW SKDVH LV LGHQWLILHG
6XEVHTXHQWO\ WKH SURSRVHG FXUUHQW LQMHFWLRQ PHWKRG LV
HQDEOHG WR UHGXFH WKH IDXOW FXUUHQW ,W LV VHHQ WKH IDXOW
FXUUHQWLVHIIHFWLYHO\UHGXFHGWRDVDIHOHYHO0HDQZKLOHWKH
RSHUDWLRQ RI WKH RWKHU WZR KHDOWK\ SKDVH VHWV LV QRW
DIIHFWHGDVVHHQIURPWKHFXUUHQWZDYHIRUPVLQ)LJE
7KXV IDXOW WROHUDQW RSHUDWLRQ ZLWK WKH FXUUHQW LQMHFWLRQ
WHFKQLTXHLVGHPRQVWUDWHG
D
E
)LJ&RPELQHGWXUQIDXOWGHWHFWLRQDQGPLWLJDWLRQWHVWDIDXOWFXUUHQW
DQGSKDVHFXUUHQWVLQVHW$%&ESKDVHFXUUHQWVLQKHDOWK\VHWV
9&21&/86,21
,QWKLVSDSHUDQRYHOWXUQIDXOWPLWLJDWLRQPHWKRGEDVHG
RQ FXUUHQW LQMHFWLRQ LV SURSRVHG IRU WKH WULSOH UHGXQGDQW
[SKDVH 30$ 6\Q50 7KH IOX[ OLQNDJH RI WKH IDXOW
SKDVH LV HVWLPDWHG FRQVLGHULQJ WKH LQIOXHQFH RI URWRU 30
DQGWKHFXUUHQWV LQWKHKHDOWK\DQGIDXOWSKDVHVHWV7KLV
IOX[ OLQNDJHDQG UHVXOWDQW WXUQ IDXOW FXUUHQWDUHPLQLPL]HG
E\ LQMHFWLQJ VSHFLILF FXUUHQWV WR WKH IDXOW VHW ZKLOH WKH
KHDOWK\ VHWV FRQWLQXH WR JHQHUDWH WRUTXH 7KH SURSRVHG
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DSSURDFKLVFDSDEOHWROLPLWWKHIDXOWFXUUHQWIRUDOOSRVVLEOH
WXUQ IDXOWV VFHQDULRV LQFOXGLQJ GLIIHUHQW IDXOW ORFDWLRQ RI
WKHVXEFRLOVLQWKHIDXOWSKDVHGLIIHUHQWIDXOWWXUQSRVLWLRQ
LQDVORWDQGGLIIHUHQWQXPEHURIVKRUWFLUFXLW WXUQV,WKDV
EHHQ YDOLGDWHG E\ H[WHQVLYH )( VLPXODWLRQV DQG
H[SHULPHQWDO WHVWV GHPRQVWUDWLQJ WKDW WKH PD[LPXP WXUQ
IDXOWFXUUHQW LVHIIHFWLYHO\ OLPLWHGE\ WKHSURSRVHGPHWKRG
ZLWKRXWFRPSURPLVLQJWKHWRUTXHFDSDELOLW\FRPSDUHGZLWK
WKHFRQYHQWLRQDO76&PLWLJDWLRQPHDVXUH
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%R :DQJ 0
 UHFHLYHG WKH%(QJDQG06F
GHJUHHV LQ HOHFWULFDO HQJLQHHULQJ IURP 1DQMLQJ
8QLYHUVLW\ RI $HURQDXWLFV DQG $VWURQDXWLFV
1DQMLQJ &KLQD LQ  DQG  UHVSHFWLYHO\
DQGWKH3K'GHJUHHLQ(OHFWURQLFDQG(OHFWULFDO
(QJLQHHULQJ IURP WKH 8QLYHUVLW\ RI 6KHIILHOG
6KHIILHOG8.LQ
)URP  WR  KH VHUYHG DV D VHQLRU
HQJLQHHU LQ WKH 'HOWD (OHFWURQLFV &R /WG )URP
 WRKHZDV D UHVHDUFK DVVRFLDWHDW WKH
'HSDUWPHQW RI (OHFWURQLF DQG (OHFWULFDO
(QJLQHHULQJ8QLYHUVLW\RI6KHIILHOG6LQFH
KHKDVMRLQHG WKH6FKRRORI(OHFWULFDO(QJLQHHULQJ6RXWKHDVW8QLYHUVLW\
+LV UHVHDUFK LQWHUHVWV LQFOXGH WKH SHUPDQHQW PDJQHW PDFKLQH GULYHV
HOHFWULFWUDFWLRQDQGIDXOWWROHUDQWV\VWHPV
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-LDELQ :DQJ 60¶ UHFHLYHG WKH %(QJ DQG
0(QJ GHJUHHV IURP -LDQJVX 8QLYHUVLW\
=KHQJMLDQJ &KLQD LQ  DQG 
UHVSHFWLYHO\ DQG WKH 3K' GHJUHH IURP WKH
8QLYHUVLW\ RI (DVW /RQGRQ /RQGRQ 8. LQ
DOOLQHOHFWULFDODQGHOHFWURQLFHQJLQHHULQJ
&XUUHQWO\ KH LV D 3URIHVVRU LQ (OHFWULFDO
(QJLQHHULQJ DW WKH 8QLYHUVLW\ RI 6KHIILHOG
6KHIILHOG8.)URPWRKHZDVZLWK
WKH 'HSDUWPHQW RI (OHFWULFDO (QJLQHHULQJ DW
-LDQJVX 8QLYHUVLW\ ZKHUH KH ZDV DSSRLQWHG D
/HFWXUHU LQ DQGDQ $VVRFLDWHG3URIHVVRU LQ
 +H ZDV D 3RVWGRFWRUDO 5HVHDUFK $VVRFLDWH DW WKH 8QLYHUVLW\ RI
6KHIILHOG6KHIILHOG8.IURPWRDQGD6HQLRU/HFWXUHUDWWKH
8QLYHUVLW\RI(DVW/RQGRQIURPWR+LVUHVHDUFKLQWHUHVWVUDQJH
IURP PRWLRQ FRQWURO DQG HOHFWURPHFKDQLFDO HQHUJ\ FRQYHUVLRQ WR HOHFWULF
GULYHV IRU DSSOLFDWLRQV LQ DXWRPRWLYH UHQHZDEOH HQHUJ\ KRXVHKROG
DSSOLDQFHVDQGDHURVSDFHVHFWRUV
+HLVDIHOORZRIWKH,(7DQGDVHQLRUPHPEHURI,(((
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$QWRQLR*ULIIR0¶UHFHLYHGWKH06FGHJUHH
LQHOHFWURQLFHQJLQHHULQJDQGWKH3K'GHJUHH LQ
HOHFWULFDO HQJLQHHULQJ IURP WKH 8QLYHUVLW\ RI
1DSROL ³)HGHULFR ,,´ 1DSOHV ,WDO\ LQ  DQG
 UHVSHFWLYHO\)URP WRKHZDVD
5HVHDUFK $VVRFLDWH ZLWK WKH 8QLYHUVLW\ RI
6KHIILHOG 6KHIILHOG 8. DQG WKH 8QLYHUVLW\ RI
%ULVWRO %ULVWRO 8. +H LV FXUUHQWO\ D 6HQLRU
/HFWXUHU ZLWK WKH 'HSDUWPHQW RI (OHFWURQLF DQG
(OHFWULFDO (QJLQHHULQJ 8QLYHUVLW\ RI 6KHIILHOG
+LVUHVHDUFKLQWHUHVWVLQFOXGHPRGHOLQJFRQWURODQGFRQGLWLRQPRQLWRULQJ
RI HOHFWULF SRZHU V\VWHPV SRZHU HOHFWURQLFV FRQYHUWHUV DQG HOHFWULFDO
PRWRUGULYHVIRUUHQHZDEOHHQHUJ\DXWRPRWLYHDQGDHURVSDFHDSSOLFDWLRQV



/HL +XDQJ0¶ UHFHLYHG WKH %(QJ DQG
0(QJ GHJUHHV IURP &KLQD 8QLYHUVLW\ RI
3HWUROHXP83& 'RQJ\LQJ &KLQD LQ  DQG
UHVSHFWLYHO\DQGWKH3K'GHJUHHIURPWKH
6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQDLQDOO
LQ HOHFWULFDO HQJLQHHULQJ &XUUHQWO\ KH LV DQ
$VVRFLDWH 3URIHVVRU LQ (OHFWULFDO (QJLQHHULQJ DW
WKH6RXWKHDVW8QLYHUVLW\1DQMLQJ&KLQD+HZDV
D YLVLWLQJ VFKRODU DW WKH 8QLYHUVLW\ RI 6KHIILHOG
6KHIILHOG8. IURPWR+LVUHVHDUFK
LQWHUHVWV UDQJH IURP OLQHDU JHQHUDWRUV DQG HOHFWURPHFKDQLFDO HQHUJ\
FRQYHUVLRQWRGLUHFWGULYHZDYHHQHUJ\FRQYHUVLRQ

